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‘GBNERALIZED SELECTION CHARTS FOR HARRISON
AND TUBULAR INTERCOOLERS
By George P. Wood and Arthur N. Tifford

SUMMARY

A generalized selection chart for tudbular crose~
flow intercoolers and a gimilar chart for Herrigon cross-~
flow intercoolers 2re presented. These chartas make it
posesible to select intercoolers for any set of design con-
ditions and under any limitations on dimensions and pres-
sure dropes. They are also useful for showliag what changes
in the characterigtics of a given intercooler will improve
ite porformance. 4 numver of practical examples are glven
1llugtrating the use of the charts. In these examples the
charts are applied to the selection of Airesearch tubular
intercoolers and Harrison copper 1ntercoolera.

INTRODUCTION

The fixed guantities in intercooler selectign for
which the values are known constitute the "design condi-
tions.¥ Thege design conditiowns include guch gquantitiesg
ae the mass flow of engine.air, the inlet and -outlet tem-
peratures of the engine air, the 1lnjlet tempaerature of the
cooling alr, the altitude for which the intercooler mugt
be chogen, the alrplene gpeed, &nd so forth. The unknown
variables for which proper values must be chosen are "the
prespure drops.for the engine air and for the cooling .air,
the three linear dimenslons of the interecooler, the power

congumption of the intercooler, and the mage flow of cool-
ing air.: - . . .

A method of selecting intercoolers 1s needed that
properly.takes into-account all of the unknown variables
and shows the effects aof changing any one of the inter-
cooler characteristicg: The method must also be relatively
eagy .to use. . The problem of developing such a method ig
compllicated by the number of unknown variadbles involved.



This problem hag been attacked in & number of pepers, the
aimag of which were, in gemneral, to set up a simplified
procedure to be followed in selecting intercoolers and to
clarify the operatlon' of lntercoolers. Some degree of
guccess 1n solving the problem has been attalned; for
example, references 1, 2, and 3 present plots of powsr
congumption as a function of some of the other intsercooler
variables. 'These plots not only show gome of the effects
of changing these variables but also reduce the amount of
calculation involved in the selection of intercoolers.
Reference 4 ghows how to congtruct selection charts for
Herrlson intercoolers of which the nower consumption ig a
minimum for a flxed mass flow of cooling alr. The regultsg
of thig paper are valuavle in that,6 they make it possible

- to calculate the lower llmit of power congumption attain-
able for a given pet of design conditions. In reference 5
generaliged equations are derived that describe the per-
formance of heat exchangers lngtalled in alircraft.

The purpose of the present paper is to.submit inter~
cooler selection charts based upon tkhe equations developed
in reference 5 and to illugtrate their use. These chartg
are completely general, as the variavles have been put
into nondimensional, generalliged form. The game-chart can
therefore be uped for eny set of design comnditioms. The
charts teke into account 211l the intercooler variabdles.
The effects of changirg any of. these variables can be ob-
tained from the charts. The charts premented make 1t com-
paratively eagy to select, for a given set of deslgn con-
ditions, the intercooler that 1s most desirable with re-
spect to dimensions, pressure drons, -and power congumption.

The two tyves of intercooler for which.charts are pre-
gented are the Harrison type and the tubular type.  Each
chart 1s epvlicable to any intercooler of similar general
congtruction. kosgt of the constents that appear 1in the
definitions of the generalized variables are functions of
the lnternal dimengions of the intercooler, however, and
these dimersions must be known before the chart can be
used. In the present report one chart is applied to the
Harrigon floned copper intercooler, the internal geometry
and dimensiong of which mare given 1n figure l. The chart
for tubular intercoolers 1s applied to the Airesearch
aluminum tubular. intercooler, for which the tube arrenge-
ment and dimengiong are ghown 1in flgure 2. ILarge blue-
prints of the generalized selection charts (figs. 3 and 4)
are available, on reguest, from the National Advisory
Committee for Aeronautics. : .




-° In.eupplements to.thls repért, the charts will be
used in connection with intercoolers of other internal
dimensions., These supplements will be published when
sufficlent date on dimensions and performance Bsecome
avallable,

STYMBOLS

‘A "frontal -area of intercooler, aquare feet-

;s Cgyr Cx» c4 empirical numerical conetente
Cp specific heat of air at congtant pregeure, Britieh
thermal units per pound per degreé Fahrenheit

0 /C ratio of drag coefficlent to 1lift coefficlent o6Ff
D/ VL
airplane. dimensgionless

D tube diameter for tubular intercooler. feet

Dy, bhydraulic diemmeter of passage in Earrieon intercooler.
faot

£ ratlo of open to total frontal area, dimenplonless

& acceleration due to gravity, 32.23 feet per pecond per
second N . :

h coefflclent of heat transfer, Britigsh thermal- unit per
second per square foot per degree rehrenheit

L

k thermal couductivity of air. British thermal unlt per
second per equare goot per -degree Fahrenheit per foot

Ill IB' xsp x‘ cOnBtantg
L 1ength of air paeeage. feet

Ln length of intercooler in no-flov direction. feot

m, oenter-to-center tube epacing normal to direction of
ailr flow, feet

my center-to-center tube spacling-parallel-.to direction of
alr flow, feet

-
Py

X welght rate of flow, pounds per second




Y.

Vo

number of tuves per square foot of intercooler feace
with ends.of tubes

gtatic pressure, lnchee of mercury
pressure drop, pounds per gquare foot
power, horgepower

effective cooling surface per unit length of tube,
square feet per foot

temperature of air, degrees Fahrenhelt

volume of intercooler, cublc feet

- gneed of alr, feet per second

speed of airplane, feet per second

u, v, x, ¥y exponents

€

p

Py

factor to.account for weilght of intercooler mouating,
dimenslioniess

me&an tempe;aiure difference between engine air and
- cooling alr.divided by initial te.verature differ-
erce, dimenslonless
duct efficieincy, dimensionless

coefficient of viscoslty of air; Elugs pe} foot-gecond

drop 1£ temperaturé of engine ailr divideﬁﬂbﬁ initial
teuperature difference, dizenslonless

magpg denglty of air, slugh per cubic foot

wolght denglty of intercooler, pounds per cubic foot

Oy +.¢« Qg 31... 54 constants

Subscripts:

a flow acroes- tubes
b flow through tubves
c cooling air )
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DISCUSSION OF CHARTS

The selection charte (figs. 3 and 4) show the effects
of separately changing emch of the intercooler variabdles.
The more juportant of thege effects and the use of the
charts in selecting the most satisfactory values for the
varliableg are discussed in the following paragraphs.

Power expenditure.- A discuselon of how the power
expenditure varles is simplified by consideratlon of the
curves of constant Apg'. .The ghape of these curves 1isg
such that they pess through a minimum P'., For a given
value of Ap,!, therefore, the point on the chart that
representsg tae intercooler of smallegt power congumption
ls easlly found. The vaiue of the abacissa Ap,'. further-
more, is essentlally the games for the minimum points -of
all of the Ape' curves for a glven type of intercooler.
For tubular intercoolers this value lg 0.4 and for Harrigon
intercoolerg 0.6. - . -

Too much lmportance shauld not be attachad to select-
ing intercoolers of lowest power consumptioun. Power con-
sumption 4is not the only fector to be considered. The
Ape' curveg nave scall slones to the right of the minimums.
An intercooler that is ropresented by a point lying on the
same Apg' ‘curve aud pome distance to tlhe right of minimum
P', therefore, does rnot use a great deal more vower than
the intercooler of mirimum P'. Itg dimensions and volume
will, In genveral, be more gatisfactory than those of the
interccdoler 2f minizum Pt. :

Yolume and ﬁreggtre'dropg;— The charts show how the
pregeure. drops should he chosen in order that tae volume
of the intercooler be as small.as ia practicable, Xor a

.£lven Apc'. the larger the engine-alr pressure -drop, the
" estialler ‘the volume. Likewige, for -a given Ap,', the
‘larger bp ', the smaller the volume. 4s Apg' dis in-

creeged, however, the curves of constant Apg' and con-
stant v' YDbecore nearly-parallel. Consequently, there 1is
little advantage in choosing a value for Ape' that 14
larger then the value it has when thege curves become
closely parallel. Thege effects are-iliustrated in examples
II and III. ; . e e

.Ooaiing-ai; mééé fiow.~ Ali tha_généfalised'intercooler
variablesg are functions of the temperature difference L.




In particular, for given values of P! and +v!, the cor-
responding unprimed variatles are provortioaal to 1/!.
The power congumption and the volume, therefore, will be
lowest for the smallest values of 1/!. Figure 5 ig a
plot of 1/; agp a function of the dimensionlegs ratio
¥,/Mg with ¢ as a parameter. Each curve of constant ¢

containg & "knee." It is clear that to the right of the
knee the value of 1/§ is esserntlally comstant but to

the left of the knee 1/! wvaries rapidly and is algo much
larger. The power expenditure and the volume, therefore,
will be much lower when M,/H, lies to the right of the

knee, where 1/! 1s small, tkan otherwise. The physical
reason for this fact is that, 4f 1/ 1s small, the tem-
perature difference is large and thes cooliag surface and
the volume which the-intercooler must have are relatively
smalls The voewer to carry the lntercooler ig therefore
aigo reletively. small. .

An upper limit to K, /M, is set by any limit that may

be imposed on the value of IL,. For a givea &,', I,

is proportional to- ;/!e . Choice of too large a value

for M,/M, tesults in an excessive value for L.

Inagmruch -ap 1/§ ls nearliy congtant 1n. the region to
the right of tke knee, & close anproxiumation to 1its value
for uge in calculations ls at.-once obtaineble from figure
5, the .agpumilon deing nade thet the value of Hc/le is
.greater than 1ts value at ti:e knee. The method .of .finding
the exnct values of Hc/Ee and l/§ will be pointed out

in the solutlion of the illustratlive exarples.

‘-Fixed dinengiong.— Tke charts can be uged for détermin-
"ing.what msgs flow of cooling air is necessary end what
the pregsuré drope will be for an intercooler of given di-
menglons inp order that 1t be capable of a given rate of
heat dissipation. (See example IV in the following section)

EXALPIES

Illugtrations of -thée use of - the.selection charts are
given in the followling five examples. In examples I to IV
Airesearch intercoolers are gelected and in example V a
Harrison intercooler is selecdted. Bome of the effects of
changing the intercooler variables mare digcussed along with
the examples.
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According to the procedure used in the gudJect report,
the gelection of an intercooler 1g made in three major
atepas by the uga of the gelection forms at the end of the
paper and the generalized melection charts (figs. 3 and 4).
The first step 1s sotting down the deslign conditions, which
is eaccomplished dy fllling in form 1. The second step in-
volves the computation of the values of the constantsg in
the equations that define the generalized variables. Thesge
congtante are functions of the type of intercooler, of the
internal dimensione of the intercooler, and of the physical
properties of the fluids. Figures 6, 7, and 8 are used for
f1lling 1n forma 3 and 3 for Airesearch intercoolers and
formg 4 and ¥ (in that order) for Harrison copper inter-—
coolers. The third step, which 1involves the use of the
goneraliged charts (figs. 3 and 4), is discugsed 1in the
preceding section and 1n the examples that follow. In fill-
ing in form 1, a typical get of design conditions has been
used.

Example I.- The problem is to select an Alresearch
intercooler. The firast step is to f1ill 1in form 1 with the
depsign conditlionas. The second step 1is to fill 1n formg 2
eand 3 by using figures 6, 7, and 8 and the data of form 1.
The third step 1g accomplished as follows: Assume that the
limites allowed on the pressure drops 2nd on L, are as

given in the firet column under Zxample I in tadble I.:- Be-
cauge the dimensions of the intercooler are not knowh, the
velocity of the ongire alr is unknown and, conseguently,
the end loss cannot be cnlculated in advance. JAssume that
the ead loss 1s 10 pounde per sguars foot. The maximum
allowadble Ap, Iin the tubes ie then 60.7 pounds per square
foot. :

From figure 5, estimate that £ = 0.45 Tfor ! = 0.578.
Then, with { = 0.45, the 1limit on .Ape' 418 88 given in
table I. In order to obtain a small volume, choogse the
maximum Apg'; that 1s, choose Apg' = 0.69. 1In order to
obtain the lowest power expenditure for this pressure drop,
choose Ap.'! = 0.4, which is the value of Ap,' <for tubu-
lar intercoolers for minimum power, &as pointed out previouns-
1y 1in the -Dlscussgion of Charts. The intersection of these
twvo Ap'. curves gives the point on the selection chart
(fig. 3) that repregente the intercooler. The values of
the other generaliszed variablea at this point are ag listed

- in tabdble I.. .

It ia well to apply the follering checks at this stage
in the procedure. If the values of the variables have bYeen
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corractly .read from the chart, ths following equations will
be satisfied' . . ) )

P' A-pcl +_v'

V! = L'L 'Ly,"

In order to make Mc/lle reagonably large, choose the
maximum L,. Then, from the relation defining TIT,!

2.13
LV = e 1.14
and

Mo/Mg = 1.87

For thig value-of N./Mg, {= 0.51°  in figure 5. With
these values of H /Me and t, the values of the pressure

drops, the dimengions, and so forth, of the intercooler,
calculated from form 3, are asgs given in table I. MNore

exact valuesg of these variables are found by relocating on
the chart the point that representas the intercocler, using

a wore exact estimate for the valuie of {. Thig procedure
glves the resuiis shown in the second column under Example I
in table I. . The nroper values for all of the lntercooler
variebleg have now besean found.

The end lose (preeevre loss at the entrance and at the
exit of the intercooler) for the cooling air has been taken
care of in the constants that Lave been used and is included
in the value found for Ap.. The entrance loss for the en-
gine air 4ig negligilltle, lnasmuck as the ends of the tubes
are flared. The exit loas for tae englne alr is given i1n
pounds per square foot by the equatlon

ap ¥ a T + 460
(1 - £,) -8 8 = 0.068 ®ou \)
2 . L,L

peout

For the design conditions given above, the exit loss 18
22/(L L,)° pounds per square foot. The value of P, 1is
given in horsepower by the equation :
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, + 460
O A F P. .,=-. 0.0_013"?__ ..—_-:-—:q—ﬂ— _l" #Ap_e y

rar ‘tYe g¥ven ‘design’ oon&itioni. dhe wnlue of P 'in::
hdrsdpordf-may e a:itten‘- NI "

b . - . --‘hl‘f e e o

Py, = O 116 Ap.

2l A Y
« 2 :l.. BT R '_"._: e
. i'igie I1i-In order to-illustrate:the faect $hat the

use of-a s ter” Ap - makes A. larger vplume necessary, an

"int8rocdieriwill be: selected. for, the, geme: condit¥ipns es in

exdmples I,*with: the:exesption that. Ap. 13 only,one-half

of the maximum value allowable. Agsume that Ape.. }nplud—

;Ang emd Joags,.1s 35 pounds per, square foot and that Ape

.nxcrudlng pm# 1095. As, 30 pounds per equare foot. _ .
_""' Apauma ';- b.48. Under” Example IT 4n tahla I are
TIigted tHe 11uits “on the’ pregsura Arops,..Qn . Ly, angd on
"Ape +? Chologing » APy ' = Om36 and& Ap,'.= 0.4 fizes the
' point’ on-f&gure 3 ‘that represants the 1ntercaoxer. The
values .of .the "othen generalized variables at ‘thig pdint
-, are as.listed. chooaing Iy = 3 feet ‘gives Ms/Mg '='1.45,
end figure .6 gives ‘g = 0 46._ ‘The values of the “othér vari-
ableaare. as:listed. Thia caae, 111uatrates thé fact that
a: smaller._ﬁpag requ;res the uae of 'a .larger volume. 1In
v .-example :I,. AP, =.67.5 pounds ‘pér’ sQuare ‘fodt and’ v.=£ 5,8
oudbic feet. 1In example 11,” Ape =' 34 pounds per-égquare foot
and v =29 2 cubic feet, an 1ncrease of 24 porcent in“volume.

= cExamplo ;;;.- E:amnlo III 1a giten to- 111ustrdte the
... . 8ffegcts of the _ume, of a largar Apc and bf too small:a
" ratio. M /Mg.. “Thres" ¢abes AT calculatea. for each of which
Apc’ 1- choaen in a vance to be' 23. 6-pounds per square foot.
.The, value of ﬂqgé' 15 asaumad‘to:bé 60.7: pohnds’ per: sguare
»a;xnfoot plua an snd’ 1055 b! 10 ponhﬁs per aquare fopt._ :

(n) dBOOse :Ap;' “‘O 4 =-55=T . "==:£, :

LTY

' .
-
=" . . -

Becau;a Ap ¥ D, 0605 g-ﬁ A-p * and' ‘bec'ans.n.-.i -“Ap.-'.'

..' o -

ar 1 —

hau tHe sﬁmer&lﬂa whtle Apc 11 abont fﬁtea times as

.F_._._,f;. lange ag if. é¥ample 'F; ¥t 4 ¥ clesan that -M/Mg..and L will
probabiy Ye  'deo qmdlf fhat thie-volume . and the:power :expendi-~
S+ . tupe wil I be eqcﬁudifu. s&hstibutton in-the precoding

AN .l'- s wi Tt e {7

v . . -
T ) W, Tte Lk s
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equatien gives g(nolne) = O 28. Tigure 5 then gives
M,/Mg = 0.91 and { = 0:31. Then Ap,' = 0.47. When

Ape ‘apd | Apc are known, the point on the selection

chart 1s fixed. The values of the other generalized vari-
ables are as listed in table I, as are the values of the
uvunprimed variebles. .
It 1s seen that, because K /He 1g to the left of
the knee. t is amall ahd that, on account of -the small
temperature difference. the necéssary sarface and volume
are excesslvely lerge. _The power expenditure is corre-
epondingly large. ) : e

_ (b) In order to: obtain larger valuee for uc/ue and
{, choose a larger: Apg!. . In order, to ohtain ¢ £ 0.5,
make both { and_ nc/ue about twice as large as in the
preceding caae. ' ThHen, 'Apc:' will  be' about four timee as

z_large &s’ in the preceding case. Choose Apc = 1. 6. From
the equation releting APe. and AP g(uc/u ) = 1. 12.
and, from figure 5, . X o/Mg- = 2.10 and . t = o. 53.W~The

-v+«xalues of the’ generalized tariablee .and of the carrespond-

- ing nnorimed. variableg are given 1n tablse ], . Both the
. volume gnd the power are conglderabdly lesg than in example
III{a) becauge of the larger valus of.. Mc Me. The.volume
--1ig alsgo lees than in exanmple I because of the larger- talue
" cf APQ -':-" . - . . -0 - . @

(c) One more intercooler will be selected under the
. conditions of example III in order to ghow that, as M /Me

ig increased still further, the decrease in Golune.becomes
"neglligible and Ly -becomes excessive. ~Choosa Ap,' = 2.6.

Thed " f (Ky/Mg) = 1. 82,- and figura 5 gives - M /M, = 3.15
- "and 't = G- 58. The ‘values of ‘ths other variables are- as

ligted Iin tmble I. " It is seen that -there is" only a' l6-per-
cent decreage in volume and a 35-nercent increaee in L,

over the values of example IFI(b). :In faet, 'Ly must be
greater than the 6 feot that had been aet ag a 1imit.

Example IV. The purpoee of example 1v ie to ehow how
the charts can be used to ascertain the pressure drops and
the mass flow of cooling alir necessary to obtaln a given
rate of heat tranefer in an-intercooler ‘of giver dimensgions.

- ‘Assume the-same deslgn condltions that ‘'were .used in the
previdus examples. ‘Assume that .the "Iiztercooler has-the fol-
lowing dimengions:
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- Apgume that [ = 0.6k, Then "'Ly' = 1.30 and v' = 3.24.

Tke lntersection of, these two curves g€ives the point that
repreaentes the 1ntercopler. The values of the other gener-
aliged variableg at this point are as given in table I.
Prom the known valies of Lc and Lg! and from- the equa-

tion

t(Mg/Uy) = 0.97 and, from figurs 5, My /Mg = 1.90 and

{ = 0.61. The values of the necessary pressure drops &nd
the power expenditure can now be calculated and are as
glven in table I.

Example V.~ Bxample V 1llustrates the selection of a
Harrigon copper i1ntercooler. Assume that the intercooler
is to be chosen for the gamne deslzn conditions that were
uged in gselecting the Alresearch intercoolers in the pre~
ceding examples. -The values of the congtants are obtained
by £11ling in -forms 4 and 3 (1n that order).

Asaume the limits on -the pressure drope and on the no-
. £fIow dimengion as given in teble I. -  Adgume [ = 0.48. -
Thep the limit on Ape . 1a as glven in’'tadle I. Chooas.

Apg'! = 2.72 and A4pP,' = 0.6. The valueq of the other

generallzed variablen are then fixed and are .ng -given 1n
table I. Ohoose Ip =.3 feet.. rrom the relatlion

Mo /Mg = 1.57

and from figure 6, = 0.47. Tha;vdl#eé df the pressure
drops, dimenslions, and power expendlture can then be
calculated and are as given in table I.
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. The yalues, of the qonstantg uesed 1in definlpg:the gen-
oraliszed variables for the Harrigon intercooler are guch
thet end losp ls. included in,K the valueg obteined from the
chart for AP, and APe

R . . . [T . - . . - . e . SET i 4
CONCLUDING REMARKS
. . - 1 . L ’

The generalized aelebtion charte preeented for Harrieon
and tubular intercoolers chilitate the rigqroua selection
‘of intetconlere for any det of ceonditions.- The charta algo
ghow~ the" effects of‘varying the ﬁifferent intercoolsr’ char-
" dcteribtics. “The examples given-illiatrate the practical
uge of the charts.

v o . " . .. -
: I

Langley Memorial Aerenautical Labora%ory.
National Advisory Committee for Aeronautics.

Langlby Tielﬂ. Va. : . : L ot
1. P - . . LI - . * o fa ot - .: ’ *
R SR LA - e
APPENDIX

~». - o ..:CONSTRUGCTICN OF THE.CHARTS - R T .
In reference b-ap.analygls was made.-of heat exchangers
ingtalled in mlrcraft, end genera.ilged equations were de-
. veloped that deseribe-the.performance:af_spch heat exchang-
erg....JIn order that these . equationg -may-.be nssd for the-
conatzuction:of -selection gharts for-speeific tynas of heat
exchangers. (in thig inetance tubdbular, and Harrison type..
croas-flow intercoolers), numerical velues must Pe aasigned
to the exponents in the pregsure<drvp and the heat-transfer
equationg’ uped”1n -thd*dévelobment of--the*generalized-egua-
tions. Then, in order that the charts may be uged for the’
gelection of intercoolers, mumérical values must be aggigned
to the coefficlents In"these pressurs-drop and heat-transgfer
equations. For the flow across tubes, the pressure-drop
equation and the heat-trangfer equation are, respectlvely:

Apagp




Land | o .m o,

and

o (a)
(3)

(4)

The best valuea for the: axponelts and the coefficlentsg in
equations (1) to (4) for two intercoolers are given in the
followlag table: .

Vaiue of

' Yalue of
Intercooler | Exponent|gyponent Coefficlent | cqefficient
Airesearch, u 0.6 c, 0.125
tudbular v .8 Cp 049
x 13 ey 269
y 2 c, .019
Earriason, u o
,0.8 1 0.11
copper v cg
x A Cy
i Y] N 0247
™ y - cl-. .
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The values for the Alresearch intercooler ware found
from-data given in reference 6. in ¥hich the data pudb-
lighed in refefqnmea.? and 8 mre'correlated. The values
for the Harrisonm ‘interdqoler were obtalned from the data
publighed in refer@nce 9.

sez o Te selostion cherte {fige’ & Bnd 4) were cbnstructed
from the following generaliged equations in which the ex-
ponents givqﬁ in the preceding table have been uged. The
subscripts ‘¢ .for cogling alr and - for engine alir
have been pubstituted, respectiVely. for the gubscripts
a and b tiaat appear in Aimiday eouationa in reference

5, and v'! hag been subgtituted for Le L 'L '. The
equations for tubular iantercoolers are: _iu'
+ r‘ . R
! ...-.:'_.-.:. e 1
P' = viql .4 — : - (5)
t '-._.JI'.“ .
-- - we-. vt =P~ Ap,t R (6)
. Bl =atd 1.+ x s (7)
. r : g.a] 4,78
' vf - (XY} '
L L (Le') 5 )
= he - /L 1 Doe B'{ !
P! =y |1 +K_£'_ (8)
3 ) e , 1 /|
In'v! = 4,1 [;I - (104)0 %] 873 - (9)
- [~ A‘:“ a-l 87
P' = »'| 1 + ) _ ' ’ (10)
) B Ln|v| , . .
" The equations for Hearrigon 1@tercoolers=are:‘
Pt =v'{ 1 + . (11)
e 5
t \173.8
vt - (¥
1
_ <;p°

—



v
vl = P! - Ap,! (12)

Pt = vlﬁ 1+ 1 B -"M'h’_ ) (13)

b
i
<

L ‘v '='A°t[vl - (Ael)o'a] - (15)

A t
P! = v! [1 + (Ln:’v') (1s6)

For tubular intercoolers, curves of constant Apg' and <v!
(fig. 3) were drawn from equations (6) and (6), and curves
of constant Lg', L,', and L,! (fig. 3) were drewn from
equatione (b) to (10) For Harrison intercoolers, curves
of counstant end v'!' (fig. 4) were drawn from equa—
tions (11) and ?12). and curves of congtant and
L,' (fig. 4) were drawn from equations (12) to (16? The

chart for each type of 1ntercovoler has besn gseparated 1nto
two parts for the make of clarity.

The définitions of the generaliged variables contain
the constants a,,» G5, Gy, &and a,. (In reference 5 theae
constants are designated ¢1. Bas $pr 9y respectively.):
These constants are functions of the general type of inter-
cooler, of the internal dimenslons of the intercooler, and
of the average physicel characteristics of the fluids, i,
ps» and K. These characterlstice are, in turn, functioas
only of the average temperatures and presgsures of the flulds.,
A large reduction in the amount of numerical-calculation
" necepsary to determine the values of these congtants for an
intercooler of a glven type and internal dimensions and for
a gilven get of design conditiors ia effected by plotting
the constants as functions of the average temperatures and
pressures of the fluids. A plot of any one of the als
could be uged only for an intercooler of a given type and
of given internal dimenslong. In order to-obtain plots
that can be used for intercoolers of any internel dimensions
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and of any type, the constants B.,, B, By, and B _ are

plotted. (See figs. 6, 7, and 8.) The a's can be ob-
tained from the values of the corresponding f's by mul-
tiplying by the proper proportionality factors. (See
formg 2 and 4s) In order that a single plot of Bl can
be uged for both tudbular and Harrison intercoolers, the
exponents were hAveraged. The resulting 1lnaccuracy 1s neg-
ligibdly small. No adjustment of exponents was necessary
in plotting P, B and B

Tigure 5, which ghows the variation of 1/! with ¢
and Mq/Hg, was drawn from results publighed in refer-

ence 10.
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TABLE I

VALUES OF INTERCOOLER VARIABLES USED
IN EXAMPLES
EXAMPLE : : _
1 . 11T . ~ - |. Units
First | Second I1I ' IV v
trial | trial a b e )

Limit on Ape 70.7 70.7 35.0 | 70.7 70.7 | T0.7 ~-=={ 70,7 | 1b/8q ft
Limit on Ape 23.6 23.6 23.6 23.6 23.6 | 23.6 | ----|23.6 | 1b/sq ft
Limit on Ly 3 3 3 3 3 3 - | 3 I'ft
Estimated { «45 .50 o448 | a=mee wmna cm—e 0.5 48|
Limit on Ap,' .69 .76 36 | ~mm- e | wen- -.-e | 2.72]
Ape' 0.69 0.76 0.36 0.47 0.81 0.89 | 0.25] 2,72}
Ape! .4 4 4 4 1.60 | 2.60 |'1.60 .6
P! 3.48 | 3.42 3.90 | 3.70| 4.08 | 4.87 | 4.84| 3.06
v! 3.08 3.02 3.50 . 3.30 2.46 2.27 | 3.24| 2.46
Lo! 1.51 1.48 1.65 1.60 | 2,12 2.38.| 2.52 | 1.49
Ly’ 1.79 1.82 1.54 1.63 1.66 {  1.64 | 1.30 | 2.54
Ly’ 1.14 1.12 1.38 1.27 .70 .58 | .99 .65
Me/Me 1.87 1.68 1.45 91| 2.10| 3.15 | 1.90| 1.87

: .51 .49 .46 .31 .53 w58 | .51 AT
Ape less endloss|53.8 62.0 31.1 60.7 60.7 | 60.7 [19.4 |-=-= | 1b/sq ft
End loss 5.1 5.5 2.9 3.7 6.8 | 8.1 | 2,4 |e-== | 1b/aq ft
Total Apg 58.9 | 67.5 34.0 |64.4 | 67.5 { 68.8 [21.8 |70.7 | 1b/aq £t

ape 6.9 8.0 10.1 23.6 23.6 23.6 {27.3 {22.3 | 1b/sq £t

Ln 3.4 2.9 2.9 1.11 2.45 | 3.30 | 3.0 | 3.0 | ft

Lc .61 .69 .85 | 2.20 73 .50 ;| 1,0 .60 { £t

Le 2.77 | 2.93 2.64 | 4,14 | 2.47 | 2.22'1 2.0 | 1,54 ft

v 5.75 5.80 7.2 10.0 4,38 { 3.70 | 6.0 | 2.74]¢u £t

Py + Pg 28.4 29.8 36.1 50.6 32.6 | 35.7 [40.4 [46.0 |[hp

Pe 6.8 7.8 3.9 7.5 7.8 8.0 | 2.5 | 8.2 |hp

Py 35.2 | 37.4 40.0 58.1 | 40.4 | 43.7 [42.9 |54.2 |np

L-a¢g7]

02

YIOVN




NACA

Selection Form 1
(For all intercoolers)
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- Quantity . . _Symbol | Value | Unit
Engine power. 2000 | hp
-fgéé}ﬂg-air we%g?t flow .ﬁé~m_v Fﬂgéifw- ;lﬁ/ééc
Pnginecair inlet temperature | | g5, | OF
| Englne-air outlet temperature Te oyt Go OF
' Engine-air inlet pressure _ft‘;ii  3,15:~” iﬁ?iﬁé'
§mFpg;pgfgéy”outlet"gre§:_(Estimated) Pe .t 36.25 in. Hg
g Engine-air mean temperature ﬁe /60 op
%_Engine-air mean pressure Pe { 34. 75 in. Hg
?"Airplane velécity Vo | 4eo fps
{ Altitude A DU B
I Pressureugt alﬁitﬁde ) B N 3_33 “in. Hg
{ Impact pressure N * B 2.98 in;”Hg
1_pooling-air pressure avg};a?%gm L .86 | 1n: Hg_
Cooling-~air duct loss b4 < in. Hg
. Coq}}ng—a;;_}ni;£ 5&;;;5;;"—__ é /LBL in. Hg
. Cooling-air outlet pressure et 1016 in. Hg
} Cooling-air mean pressure | §~ Pe /.26 in. Hg |
r Temperature at altitude I _:;y op
! Adlabatic temperature rise 3¢ op
i_Cooling -air inlet temperature —z | °F
%‘Cooling—air weight flow g M, .4 Me | 1b/sec
: Cooling-air outlet temperature ‘g - g9 °E__ B
Coq%?ng-air mean temperature g To 29 op
- Engine-alir temperature drop )
In Initial temperature difference g .578
| Weignt factor e L5 ,__
| Dreg-lift ratto (O | Y3 | |
T_Duvt efficiency (cooling air) Ne /




Selection Form 2

(Por Airesearch tubular-type intercoolers (fig. 2)).

Selection Form 4

(Por Harrison copper intercoolers (fig. 1)

Constant Value

Prom figure & at T, and T, g1 l.os

500 py/me ’ a) 525
From figure 7 at ."1'-,= B2 X

507 (pg)? o’ 2250
From figure 7 at T, Ps $78

2385 py a3 4470
From figure 8 at T, and T, Ba 2.62

2 8¢ a4 5.24
20 ¢ Cp/Cp Vo ag 2450
(as/a;)0-21 ag 1.39
4210ag
e L ]
axaq) 1425

5 K, 352

.8 o

xg K3 33.9

a 186
— X 4
G 4 6.9 x 10

Constant Valuwe
Prom figure 6 at Ic and B, 51 108" -
600 Py/7g a ¢30
From figure 7 at Te fo /;'q.u'
1394 o % 2710
Prom figure 7 at "1". B3 {873 -
1394 pg Gy 2410
From figure 8 at T, snd By | g 262
3.77 B 94 9.8
80 <V, Cp/C ag 7420
1
(ag/57) "5 de 2.02
6350qa .
Taet L |astese
1.25 .
Csa )
GEEE X 229
l8
xg Kg jo.2
a 125
m | 9 azrx;f‘
L

22
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Selection Form 3

(For all tubular-type and all Harrison type intercoolers)

[Vlluos for Harrison copper intorcoolers]

Selection Form 3

{For all tubular-type and all Harrison type ‘intercoolers)

[Values for Airesearch tubular inhr'eoolorﬂ‘:

Generalized

Constant Value Variable
variable
(a)
asxlle ' .
_“4—5-3_ 0.0252 (4D, apy!
Ky (T, + 460)Mg .
c .
1.32n,P, P rs F.' {ape Ap,*
agkyle (1, )
K2 127
.__..,xlu° ..ﬁ e L.t
X, 2.4/ Xo ¢
ng42 In L,
Kie 320 X t
. X,
agKy l.ob {v v?
550 Ky 24 C(P+P,) P!

Conatant Value Variable Generalized
variable
{a)
a. KN,
Sle '
X3 0. 030 L8P, 4P,
K (T, + 480)M, N,
1.32n,pe L8304 i, ‘orc bp,"
¢5l1.°
Ko 3.52 2 L'
E Mg M,
" 3.34 ¥, ‘Lo Le'
| 9N 4 In
—aJ! )
 S1 M In
1% 163 i, £
sk 19 tv v
550 Xy L (Py+Pc) " pt
142

%generalized variable = Constant x Variable.

8Generalized variable = Constant x Variable.

VOVN
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Cooling air

||||I|I|llll||“' 3988 B
01" thick @ 8 @) 8 O __
., O <:> @) O O--0utsice diometer, 25"
----- .005 O o O O-Worr thickness,.01"
i cCoge T
||||||
Lqv
/12 fins /Jea— irch
Figure l.- Internal geometry and dimensions of Harrison Figure 2.- Internal geometry and dimensions of Alresearch

copper intercooler. tubular aluminum intercooler.
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Figure 4.- Generalized selection chart for Harrison intercoolers.
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Figure 4.- Concluded.
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Figure 5.- Variation of 1/¢ with M,/Me.
Data from reference 10.
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Figure 7.- Variation of Pp and Bs with mean
temperature for Harrison and
tubular intercoolers.
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